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. B-physics at Tevatron

Collider Run Il Integrated Luminosity
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e Tevatron is a source of all B-hadron
. _ species: By, B, B, Bg Ay 2, ...
RO Startecin 200L +0,=294+06+62 b (Il <1)at COF
. Record luminosity: * Huge cross-section compared to B-factories
| = 237 0 x10%em-25-1 but proportionally large backgrounds (= 103)
' » Events have to be selected with
e Delivered: _[Ldt =~ 2.0 fb1 specific Trigger‘s
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Applied at L2 ina

'|—|'+
cascade of three
. level trigger system
K
518000%—P122Gewc; o < {0 Includes
2 46000 O = 47!"Lm 33 um
d, = impact parameter T~ & 1a00r beamspot
Hadronic B trigger:
at least two tracks with o
*pt? 2 GeV zoooé J -
A 120 um < |d0| < 1 mm —qSDD '_‘;00‘ —206 II:llI I20(] I4l!)[ll I ‘BC‘)U
SVT d, (um)
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CDF |l Detector:

multi-purpose detector

 excellent momentum
resolution o(p)/p<0.1%

e Vertex resolution:
« SVXIT, LOO

e Particle Identification:
» TOF, dE/dx in COT
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The CKM matrix: Wolfenstein parametrization: A = 0.2272 £ 0.0010

V=| Vg Vs Vo |= -\ 1-122 A2
Vie Vis Vi A1 -p-in) -AA° 1
BO - 1, pt

o~ 10-12°

The orthogonality condition
between 1stand 39 column;  VaaVin

Vg Vi, + Vg VE + VigVi = 0 Expect

~ 57+9°

BO . J/WK,
o~1.6°

Test SM: measure all VeaVeo
sides and angles and A very ndive cross check:
check the consistency a(®,)+p(®)+v(®;)=2m
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Several ways to measure &, i Y-

depending on D° decay mode |, V.’ u
* GLW Method : flav + CP .B‘ ‘ }D°
* ADS Method : flav + DCS 2 :

e Dalitz Method : KOmn- Color-favored
Consider: B- - DCPK- b — 3=arg(V;)
with Dgp =1/72(D° £ DO) Ve i }P
Example Dp : 5 s: K-

CP even: K*'K-, m*m : }

CP odd : KS‘ITO' Ksé' sz' KSPO " Color-suppressed "
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GLW Method

PLB 253 (1991) 483

B* — D{p.K*  where Dgp, =(D°+D%)/V2 PLB 265 (1991) 172

V2A(B™ = D%p K~) = A(B~ — D°K~) + A(B~ — D°K~) = |Ale™"e® + | A]e®
V2A(BT = D%p, K+) = A(BY — D°K*) + A(Bt — DOK™) = |Ale"e®® + |Ale?
Construct two triangles
from above six processes

which give one of the
solutions for vy

Note:
A(Bt - DVK*) = A(B~ — D"K™)

> No CP violation V5 o,
A(BT —» D2p, K+) # A(B~ = D¢p, K7) 4(@%0 \

b g 3,
> CP violated b ) =
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GLW Method (cont...)

» But Interference between

) S T TTY ADS Method © Use theoretical relations
B CT> DK™ - (K E )K PRD 63 036005

an PRL 78 3257 3 5

B DK (K1) Stat limited Rep, =1+ 14+ 2rcos dé cosy

i s
. Solution: M. Gronau, PRD 58, 037301 "\op= =21 SIN 38Ny /Rep,

BR(B-— D%K ) #BR(B* —»D%,K") where Rop, =R./R
e Instead measure: A(B>DK)
=T r=—— "' 0102
_BRESDMK) A(B —>D°K)
BR(B'—Dp, x')

— C o * Acp.Rep. + Acp Rep. = 0
~ _ BRB DE.K) + BREB 5D, K)

* BR(B—Dlpa) + BR(B'>DZ, 1)

e This talk covers the

. . measurement of R
BR(B—D%.,K) - BR(B* DY, K

P+~ BR(B —D%.K ) + BR(B'>DL,, K')
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Event reconstruction

:

:

° Analyzed 355 pb_1 CDF Run Il Preliminary L ~ 355 pb
0 -+ ey, 1500 - Data h B — D"n*
e Reconstruct DY - K = /
* Add another track with ™ -mass = A .
hypothesis to make B -3t R VAN
E iy ;_;! # ) B" s DK
CDF Run Il MC 5 500 \ '/
E I‘.*"F -
C = e L NN
M C B >D"n o | |
i _ 4.8 5 52 54 56 5.8
B —D"K ) K*x w+ mass [GeVic’]
B-D"n
) B -D n*

—h —h
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Likelihood fit

d CDF Runll MC

e Unbinned multidimentional likelihoo

fit, which combines kinematics and ~ § saf ¢ *
dE/dx information:Mg., Pyor, PID and ez fomcoo
where a = 1-p;./pp. Pror < Po E sz W‘“‘“ﬂ.‘
-(1 - Po/Prory: Prot 2Pp ¥ EoD'x
51 B —D°K
* Fit mass window [5.17 - 5.60] GeV ”5;‘ LA I
g -~ § 4806 04 02 0 02 04 06 08 '0;1
3 \LL( HHl * a separates between
_ f ; DO and DK modes
_ llt& |  *Good K-m separation
SN N i 1.4 o for pr> 2 GeV

cIE;-.-"'cI:-;: (‘l‘il-"ll"IE ;uver: 'l'hr'esl'l;-olclfns)j-
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Fit results

CDF Run Il Preliminary Li“t =360 pb™

200

200

100

B—D'r
B—D'K
B—D"w
combinatorial background

i

CDF Public Note: 8242
« N (D) = 3265 + 38
« N (DO%K) = 224 + 22

 For same yields, resolutions
is same as B-factories !

5.6

= 0.065 + 0.007 (stat) + 0.004 (sys)

052 525 53 535 54 45 55 555
D’ 7 mass [GeV/c?]
R = BR(B+ — Doflcw K+)
BR(B* — D%, 1)
CKM 2006
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9;.8 4.9 5 51 52 53 64 55 5.6
as

 Analysis with 1 fb! is nearly complete

* Resolution expected for R and A would be
comparable to the current resolution of B-factories
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Bs -~ DsK Mode

- Final states of both sign are  R- Fleisher Nucl Phys c
accessible by both Bs mesons B 659 (2003) Ve:"] D;
with similar sized amplitude L VAR US

B’ — D*K" B’ K*
B, — D/K* E E

 Bs oscillation is then cause the
amplitude to interfere

e This is the cleanest channel to _
measure y but tfime dependent B’
CP asymmetry measurement is
heeded

|
7

Expect ~ 200 events in 1 fb1
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BR(B.—»D_D})
BR(B"—»D_.D")
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Motivation

e Final goal is to measure BR(B,- D ,*D"-) to determine
AT/T

* No time dependent analysis or tagging needed

« B, ~ D/'D, is pure CP-even while B, D.O*D () is
predominantly CP-even final state and gives the largest
contribution to Ars : |.Dunietz, R. Fleischer and

U Nierste hep-ph/0012219

2BR(B,— DD M) & AT /T
where Al = Al',/cos®

« BR(B2- D ."*D)) could be used to measure CP phase vy
hep-ph/0410015
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Methodology

- Measure BR normalized to a more abundant channel with
same topology as the signal

* Reconstruct multiple final state:
- Normalized channel: B°-. D D"
- D - K
- D - & (@ - KK) , KO (KO- Krmr), mmrmt
- Signal channel: B, - DD,
* First D - &m with & - KK
+ Other D, - &m, KK (K - K'm), mmm
* Yield determination: By fitting invariant mass
- Get templates from MC for physics background
- Float fractions with fixed shapes

- Estimate relative reconstruction efficiency from MC and

use PDG values to calculate the branching fraction ratio
CKM 2006 Azizur Rahaman 17/21



Normalized modes

» Measure BRs on other modes with Normalized modes
similar topology to test the tools R = , .
T LE ShuiE = ~oro.ois o
» B DD mode: : i B8R N ;-l_ssi 16
BR(B’—»D<D" ™ aath st A —
( — ) _ 1.99 +0.13(stat.) £ 0.46(syst.) (LM KRR Ry TR :
BR(B*—D 3r) e e
[ PDG 2005: 1.0% 0.5]  cor pretminary 355 s

» B >DYD™ modes:

B DO, D] — K™ K*

N=132+ 14

Entries per 5.0 MaV
8

BR(B'-»D; D)

= 0.9 +02(stat.) +0.1(syst. - o100

BR(B°>D: D) (stat.) (Syst) “ BN
[ PDG 2005: 1.3 + 0.6] . L, WA T
BR(B*-D;D*) - " | [ ——"

= 1.5+ 0.5(stat.) £ 0.1(syst.) COF Prelizinary 355 pb”

BR(B"->DD ) : - o e 2 00D, 5 s o
[ PDG 2005: 1.3 + 0.6] B, N=91x13
BR BO—>D*_D*+ E i . | {,S'f?:r.o
( — ) _ 2.6 £0.5(stat.) £ 0.2(syst.) " |
BR(B"—»D, D) o
[ PDG 2005: 2.4 + 1.1] . -]

Mass [GeVic’]
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Signal modes

CDF Preliminary 355 pb™

L]

Entrias per 5.0 Mav

w
IIII|IIII|IIII|IIII|IIII|IIII|

B. — D2 D (¢ 7 {7

Mass Window: [5.351, 5.383]

N=91+32

[Joata
[ Total Fit

B, — O, O, O, — KK

¢x

L
5.6

L1l

Mass Ge\ie®
CDF Preliminary 355 pb™”
a0 . [—
B. — D! DL (¢ ) (K K) ] Total Fit
e B -0, D"

Entrias per 5.0 Mav

10

s

N=6.0+x3.2

B — D, D, O, — KK=

K'K

0.0

54

CDF Preliminary 355 pb™”

5.6

58 ’ * * B.0
Mass GeWic”

% 30 [ oata

s . B, — D D; (¢ ) {remon) i

i AR D D0, >KKn

g 20 N=284x+32

G s TETCT
1.0 = =
oo L || - E.IEs“ | || g_c

Mass Gelic®
CKM 2006 Azizur Rahaman

Observation of Bs - DsDs

For both Ds - &m:
Observed 9.1 + 3.2 candidates
corresponding to 6.70

CDF Preliminary 355 pb”
> -

|:’ Data
[ ]Total Fit

B, — D! D,, All D, Modes Combined

Entries per 5.0 Me
m
\

N =235

54 56 58 6.0

Mass GeV/c?

Total of 23.5 candidates
all three decay modes
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BR results

CDF Preliminary 355 pb™ CDF Note 7925
é 6 [] Data
o [ Total Fit B, — D; D, (¢ =) (¢m)
I.I:'.'ll 5 BE —= DE DE
E. B.—D. D,
B:— D, D, B — KKn Mass Window: [5.351, 5.383]
8 4 B D, X,D, - ¢n
i= D, D.: 9.1+ 3.1
c
L]

B.—~DD{” modes
\
1

D i (]

. 5.0 5.5 6.0
BR(B.—D.D,)

||IIIII|IIII|IIII|IIII|IIII|

Mass GeVic?
BR(B*-»D_D")
1.67 £ 0.41 (stat) £ 0.12 (syst) + 0.24 (f,/f,) £ 0.39 (Br)

World first measurement !!
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e We have measured

BR(B+ — Doflcw K+)
BR(B* — D%, T1°)
« This is the first step towards y measurement

« Analysis with 1 fb! is near complete and expect same
resolution on R and A, compared to B-factories

« Observation of B, D.D, mode and measured
BR(B.~D_D})
BR(B*-»D_D")

R =

= 0.065 + 0.007 (stat) + 0.004 (sys)

= 1.67 £ 0.41 (stat) £ 0.12 (syst) + 0.24 (f./f4) + 0.39 (BR)

- World first measurement ||

« Analysis with 1 fb! coming soon | Stay tunel
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Systematics

dE/dx 0.0015
Conbinaior
Mass resolution tails 0.0006
Input mass 0.001
D™ (1) 0.003

D*r (2) 0.001

MC statistics 0.002
Total 0.004
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Systematics

CKM 2006

Effect Syst. Uncertainty [%]
B-meson spectrum +3.0%
B, lifetime +2.0%
D. — wwm composition +3.0%
B - D, D" (¢x) Fit +2.3%
B" - D,D*(K"K) Fit +4.2%
B —» D,D"(m=x) Fit +8.4%
B, - D; D} (¢m) Fit +6.3%
B, - D: D} (K" K) Fit +8.5%
B, = D D} (nnw) Fit +4.1%
B" — D, D*(¢n) Cuts +5.0%
B, = D, D} (¢m) Cuts +5.0%
Common +6.9%
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